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PROBE DEVICE FOR MEASURING ETHANOL CONCENTRATIONS IN AN 

AQUEOUS SOLUTION 

FIELD OF THE INVENTION 

The invention relates to a probe device for measuring the concentration of at least one 
volatile component in an aqueous solution, in particular for measuring ethanol 
concentrations, comprising a probe body having an opening, which is enclosed by a flat 
membrane being permeable for the volatile component, a sensor located inside of the probe 
body, which sensor is sensitive for the volatile component, wherein the inner side of the flat 
membrane is part of a measuring space. The invention further relates to process of operating 
such a probe device. Such probe devices are particularly useful in the fields of process 
supervision and/or process control of chemical, bio-technological, food processing and 
pharmaceutical processes. The concentration of one or several highly volatile components in 
a process solution resting in a batch or flowing through a tube is measured, and the 
processing of the solution is controlled and/or regulated according to the determined 
concentrations. This may be performed in an on-line, in-line or off-line mode. In the two first 
mentioned modes, the probe is immersed into the process solution and concentrations are 
measured in real time. On-line measurements may be performed either by immersion into the 
solution within a reactor or a tube, whereas in-line measurements are carried out using a by- 
pass tube, wherein the probe is immersed into the solution within the by-pass. In the off-line 
mode a sample is taken from the process solution and tested by immersing the probe into the 
sample. Volatile components are substances the boiling points of which are typically lower 
than that of water. Examples for such substances are CI to C8 hydrocarbons, CI to C6 alkyl 
monoalcohols, in particular ethanol, CI to C6 alkyl aldehydes, CI to C6 alkyl ketones, CI to 
C6 alkyl carboxyl acids, benzole, alkyl-substituted benzole, phenols, oxygen and 
carbondioxide. The sensor is sealed against the process solution by the flat membrane, and 
the volatile components of the solution have access to the sensor by permeation through the 
flat membrane and the opening only. Sensors are for instance commercially available solid 
state semi-conductor detectors and the like. Such a detector typically comprises a 
semiconductor device, e.g. on the basis of SnO x . E.g. Ethanol is reacted at the surface of the 

semiconductor device and this reaction generates an electrical signal, which is amplified and 
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evaluated in an electronic evaluation unit. The material of the flat membrane is selected 
according to the volatile component to be measured and such selection is easily made by the 
skilled artisan. The membranes used for devices according to the invention are also called 
permeation membranes. Permeation membranes allow permeation of substances in gaseous 
form only. Fluids, in contrast, cannot permeate such a membrane. 

BACKGROUND OF THE INVENTION 

A probe of the general construction mentioned above is for instance known in the art from 
the document DE 297 01 652 Ul. This probe operates without a carrier gas. An exchange of 
the gas within the measuring space with the environment takes place via a defined small 
exchange opening to the atmosphere in the otherwise enclosed measuring space. Thus, the 
gas exchange is mainly diffusion controlled. This results in rather long response times for 
obtaining constant readings, if the concentration of the volatile component in the solution 
changes, because the time period for achieving the total transport rate equilibrium is 
determined by the diffusion through the exchange opening and depends on the time for 
obtaining a steady state equilibrium diffusion rate. 

From the documents EP 0 174 417 Bl and DE-199 59 271 Al a probe device is known, 
which is useful for measuring on-line, e.g. in-line. The measuring space is sealed against the 
solution by a permeation membrane formed as a tube, which tightly encloses a probe finger 
and covers an opening in the probe finger to the measuring space. This probe device is 
operated using a carrier gas. Probe devices of this general design have proved to work well, 
but it appears desirable to still reduce response times upon concentration changes of the 
volatile component in the solution. Further, it appears desirable to provide a probe device 
which may be made and operated in a more simple manner. 

In all probe devices known in the art the response time, in particular the dead time, is at least 
several seconds and, thus, improvement is needed. 
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OBJECTS OF THE INVENTION 

One object of the invention is to provide a probe for measuring volatile components in an 
aqueous solution, which may be manufactured at lower costs. A further object of the 
invention is to provide a probe with very short response times, in particular short dead times, 
for detecting variations of the concentration of the volatile component in the solution. 

SUMMARY OF THE INVENTION 

For achieving these objects the invention teaches a probe device for measuring the 
concentration of at least one volatile component in an aqueous solution, in particular for 
measuring the concentration of ethanol, comprising: a probe body with an opening, which is 
tightly covered by a flat membrane, wherein said membrane is permeable for the volatile 
component, a sensor for measuring the concentration of the volatile component, wherein said 
sensor is located inside the probe body and comprises a sensitive surface, which is located in 
a first measuring space, wherein an inner side of the flat membrane is part of an enclosure of 
the second measuring space, wherein the first measuring space and the second measuring 
space are connected by a measuring aperture, and wherein the first measuring space is 
connected to a carrier gas exhaust and the second measuring space is connected to a carrier 
gas supply. Suitable sensors comprise in particular the solid state detectors described above 
in conjunction with appropriate electronic evaluation units. For the purpose of clarification 
the following must be considered. A solid state detector, e.g. according to the document DE 
297 01 652 generally comprises a detector housing, wherein the sensitive element is located 
and contacted. The inner space of the detector housing is connected to the surroundung space 
by a detector opening, which usually is covered by a grid or the like. Such a constructive 
entity is a sensor in the terminology of the invention. Thus, the first and the second 
measuring spaces are different from the inner space of a detector, as described above. The 
sensitive surface in the above terminology corresponds to such a detector opening. 

The invention provides a probe device of a constructive simplicity comparable with that of 
the device according to the document DE 297 01 652. However, the response time is greatly 
reduced by using a carrier gas. Within the invention the provision of two separate measuring 



3 



DOCKET: KEM/US/0306 



spaces, wherein the first measuring space is connected to the second measuring space with 
regard to carrier gas flow, is of significant importance. Surprisingly, a response time, in 
particular dead time, is obtained, which is even lower than that of a device according to any 
ofthe documents EP 0 174 417 or DE-199 59 271, and which is typically below 1 s, or even 
below 0,5 s. This is surprising since the known devices are also operated using a carrier gas. 
The reason for the low response time may be, without being bound by such theory, that the 
transport path of carrier gas loaded with the volatile component from the flat permeation 
membrane to the sensor is significantly shorter, if compared with the known carrier gas 
operated devices. This provides for instant response even though the carrier gas flow may be 
rather low. 

The invention further allows using very sophisticated materials for the membrane since the 
membrane is formed flat and may be made from a sheet material. It is, in particular, not 
necessary to make a tube, like necessary for the known carrier gas operated devices. The flat 
membrane may comprise at least two layers, wherein a first layer is a porous carrier layer and 
the second layer comprises a material permeable for the volatile component, wherein the first 
layer and the second layer are attached to each other to build a multi layer structure, and 
wherein the first layer is the inner side of the flat membrane. The porous carrier layer may 
comprise porous Teflon (PTFE) and the material permeable for the volatile component may 
be made from a silicon polymer. The first layer may have a thickness in the range from 0,2 to 
3,0 mm, and the second layer may have a thickness in the range from 0,01 to 2,0 mm. 

According to the invention, the first and the second measuring space may be comparatively 
small. The first measuring space may have a volume in the range from 10 to 10.000 mm 3 and 
the second measuring space may have a volume in the range from 10 to 10.000 mm 3 . The 
provided volume values do not comprise volumes of carrier gas suppy and/or carrier gas 
exhaust channels within the probe device. The measuring aperture may have an opening area 
in the range from 1 to 100 mm 2 and a length, measured in directions orthogonal to the 
opening area, in the range from 0,2 to 10 mm. 

In an embodiment of significant importance, the second measuring space consists of a pore 
space of a porous material, preferably of the pore space ofthe first layer ofthe flat 
membrane. In this embodiment the second measuring space does not comprise an open 
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space, but consists of the pore space within the carrier layer of the flat membrane. This 
allows to arrange support members on the inner side of the membrane supporting the carrier 
layer. The measuring aperture is then supplied in the support members. Employment of 
support members allows to operate the probe device at comparatively high fluid pressures in 
the aqueous solution, i.e. up to 5 bar and more, without risking rupture, dislocation or 
deformation of the membrane. In particular the stability against deformation is of advantage 
if the fluid pressure varies, since this stability provides for stabile transport conditions 
through the membrane at different pressures. 

The invention further teaches a method for operating a probe device of the invention, 
wherein the flat membrane is contacted with the aqueous solution containing the volatile 
component, wherein the carrier gas supply is connected to a carrier gas source via means for 
controlling gas flow rates, wherein a defined gas flow from the carrier gas source throw the 
carrier gas supply into the second measuring space, from the second measuring space through 
the measuring aperture into the first measuring space, and from the first measuring space to 
the carrier gas exhaust is established by operation of the means for controlling gas flow rates, 
wherein the gas flow rate is adjusted in the range from 5 to 100 ml/min. 

In the following, the invention will be described in more detail by reference to drawings 
showing two preferred embodiments. It is clear to a person skilled in the art that a plurality of 
variations thereof will fall within the scope of the invention. There are: 

Fig. 1 : a probe device according to the invention (cross section), 

Fig. 2: a diagram showing the response time and dead time measured with a probe device 
of the invention, compared to the response time and dead time of a carrier gas 
operated probe device of the art, 

Fig. 3: two different views of a part of the probe device, 

Fig. 4: a variant of the probe device shown in Fig. 1, 

Fig. 5: the part of Fig. 3, adapted for the probe device according to Fig. 4. 

Figure 1 shows a probe device for measuring the concentration of ethanol in an aqueous 
solution, comprising a probe body 1 with an opening 2, wherein the probe body 1 is made 
essentially of three elements 14, 15, 16. The opening 2 is tightly covered by a flat 
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membrane 3, wherein said membrane 3 is permeable for the volatile component. Within 
the probe body 1 a sensor 4 for measuring the concentration of the volatile component is 
arranged. The sensor 4 comprises a commercially available semiconductor solid state 
detector on SnO x basis. In the inset showing a detailed view of the sensor 4, it is seen that 

the sensor 4 further comprises a sensor housing 12 with an opening, which constitutes the 
measuring area 5 or sensitive surface 5 (both terms are used synonymous) of the sensor 4, 
and electrical connectors 13, which are contacted to an electronic evaluation unit via 
connection leads (not shown). The measuring area 5 is located in a first measuring space 
6a. The inner side of the flat membrane 3 is part of a second measuring space 6b. The first 
measuring space 6a and the second measuring space 6b are connected by a measuring 
aperture 11. The first measuring space 6a is further connected to a carrier gas exhaust 8 
and the second measuring space 6b is connected to a carrier gas supply 7. Not shown is 
that the carrier gas supply 7 is connected to a carrier gas source via means for controlling 
gas flow rates. In the inset showing a detailed view of the membrane 3, it can be seen that 
the membrane 3 comprises two layers, wherein a first layer is a porous PTFE carrier layer 
9 and a second layer 10 comprises a silicon polymer material permeable for ethanol, 
wherein both layers 9, 10 are attached to each other to build a multi layer structure, 
wherein the carrier layer 9 is at the inner side of the membrane 3. 

The probe body 1 is constructed in detail as following. The probe body 1 consists 
essentially of three elements 14, 15, 16, which are insertable into each other in a 
telescopic manner, fixed by screwing into each other, and thereby sealed against each 
other by at least one seal member. The elements 14, 15, 16 are generally of cylindrical 
shape and coaxially arranged. The first element 14 constitutes the outer wall of the probe 
body 1 . In a front end thereof the opening 2 is arranged. The second element 15 is inserted 
into the first element 14. In a front end of the second element 15 the measuring aperture 
1 1 is provided. Further, a ring element 20 is provided at this front end of the second 
element 15. The inside of the preferably cylindrical ring element 20 is part of the inner 
wall of the second measuring space 6b, wherein the wall thickness of the ring element 20 
and the length thereof essentially determine the volume of the second measuring space 6b. 
The ring element 20 may be an integral part of the second element 15 or be mounted 
separately. The device is assembled by first positioning the membrane 3 in the first 
element 14 such that the membrane 3 abuts against the step 17, which is of essentially 



6 



DOCKET: KEM/US/0306 



circular form, and, thus, completely covers the opening 2. Then the second element 15 is 
inserted and screwed into the first element 14 until the front end of the second element 15 
or of the ring element 20 abuts against the membrane 3 and seals the membrane against 
the first element 14 and the second element 15. Complementary threads for screwing in 
are provided at the front ends, which are opposite of the membrane 3, of the first element 
14 and second element 15. Adjacent seal members are evident from the Figures 1 and 4. 

The outer diameter of the second element 15 is smaller than the inner diameter of the first 
element 14 except of the parts, wherein the threads and adjacent seals are positioned. 
Thereby an annular space 19a is provided between the first element 14 and the second 
element 15. This annular space 19a is part of the carrier gas supply 7. The carrier gas 
flows through this carrier gas supply channel 7 to radially orientated channels 18, which 
are provided adjacent the front end of the second element 15 in the ring element 20 and 
lead to the second measuring space 6b (the channels 18 may have an axial component). 
Specific reference is made to Fig. 3, which shows the second element 15 in two different 
views. As shown, four radial channels 18 are provided. 

The third element 16, which comprises the sensor 4, is inserted into the second element 15 
in an analogue manner. The third element 16 is, however, not screwed into the second 
element 15, but into a further complementary thread provided in the first element 14. The 
first measuring space 6a is provided between the front end of the third element 16 or the 
sensor 4 and the inner surface of the second element 15. The outer diameter of the third 
element 16 is smaller than the inner diameter of the second element 15 except of the parts, 
wherein the threads and adjacent seals are positioned. Thereby a second annular space 19b 
is provided between the second element 15 and the third element 16. This annular space 
19b is part of the carrier gas exhaust channel 8. Thus, the carrier gas flows from the 
second measuring space 6b through the measuring aperture 1 1 into the first measuring 
space 6a comprising the sensor 4 and emits through the second annular space 19b and the 
carrier gas exhaust 8. From Figure 1 it is evident, that the first element 14 comprises radial 
ducts, wherein each one duct communicates with the first annular space 19a or second 
annular space 19b. 

Figure 2 shows different concentration curves dependent on time as obtained for ethanol. 
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The measurements took place with a carrier gas flow rate of 20 ml/min., at 25 °C, and an 
initial concentration step function from 0,0 to 0,4 vol% ethanol in the aqueous solution. 
Curve A was obtained using a conventional carrier gas probe device as described above. It 
is evident, that about 72 s lapse until a reading of 90% of the end concentration is 
obtained. The curve B was obtained with an probe device according to the invention and 
shows a 90% value of 37 s only. Most important, whereas the state of the art shows at 
least a dead time of 10 s, the dead time of the invention is in the sub-seconds region, 
showing practically instant response upon the initial concentration step function. Thus, the 
probe device of the invention is of particular use for in-line measurements. 

Fig. 4 shows a variant of the probe device of the invention. The above description applies 
accordingly, except of the following. When comparing the Figures 1 and 4, it is evident, 
that the second measuring space 6b according to Figure 4 is not an open space, but 
consists of the open porosity of the carrier layer 9 of the membrane 3. The radial channels 
18 end in an annular space (see also Figure 5). Within this annular space a supporting 
member for the membrane 3 is provided against which the membrane 3 is supported. The 
measuring aperture 1 1 is located in the supporting member. The carrier gas flows through 
the radial channels 18 into the annular space and further into the pores of the carrier layer 
9. Within the carrier layer 9 the carrier gas flows essentially in radial directions and then 
through the measuring aperture 1 1 into the first measuring space 6a. 
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